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Decline in intelligence is associated with progression in
white matter hyperintensity volume
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Objectives: To quantify the time course of white matter
hyperintensities (WMH) and assess the association between
progression and cognitive decline in non-demented octogen-
arians.
Methods: From a Danish cohort of 698 people born in 1914,
26 participated in neuropsychological assessment (Wechsler
adult intelligence scale) initiated at age 50, including
cognitive testing and cerebral magnetic resonance imaging
at the 80 and 85 year studies. WMH volumes were quan-
tified and partial correlations were calculated between WMH
volume change and decline in WAIS scores from 80 to 85.
Results: Progression in WMH volume ranged from 0 ml to
20.7 ml, providing a median increase of 2.6 ml (range 0.1
to 20.7, p,0.001) and, with a mean time interval between
scans of 3.8 years, a rate of progression of 0.63 (0 to 6.8)
ml/year. WMH volume measures for the two hemispheres
were highly correlated (r=0.95) and did not differ sig-
nificantly. Increase in WMH volume was correlated with a
simultaneous decline in verbal IQ (r=20.65, p = 0.001),
while baseline WMH was associated with subsequent decline
in performance subtests (digit symbol, r=20.57, p = 0.02).
Conclusions: The association between WMH and decline in
essential cognitive abilities even in well preserved elderly
people suggests that WMH should be regarded as a risk
factor for cognitive impairment and dementia.

W
hite matter hyperintensities (WMH) are often
observed on MRI and known to be highly related
to age.1 Increasing evidence supports the view that

WMH have detectable clinical implications even in healthy
elderly subjects.2–7 However, while some cross sectional
studies have observed cognitive impairment or dementia as
an accompaniment of WMH,8–10 others have only been able to
confirm an association between WMH and previous3 or
subsequent decline in cognitive function.2 4 11 12 Longitudinal
studies with serial MRI are still scarce, and although
progression of WMH volumes has been detected no associa-
tion with cognitive decline has been reported.8 9 13

So far no study with repeated MRI and cognitive
assessment is known to us. In this population based follow
up study we prospectively quantified the changes in WMH
volume in community dwelling octogenarians. The objective
of this study was to describe the temporal relation between
changes in WMH volume and decline in intelligence.

METHODS
The Glostrup 1914 cohort comprises 976 individuals born in
1914 and living in seven municipalities close to Copenhagen
County Hospital in Glostrup in 1964.14 At the initial 50 year
study, 698 individuals participated in the psychological study
which was repeated at ages 60, 70, 80, and 85. At each wave,
comprehensive data collection and medical evaluations were

also conducted.15 In addition, at the 80 year assessment, 75 of
the 136 individuals, who took part in the psychological follow
up and who had participated in all previous studies, agreed to
participate in an MRI study.3 At the 85 year follow up 48 of
these 76 subjects were alive. This study was conducted as
several home visits during which the participants were given
verbal and written information on the MRI study. Three
subjects were excluded because of routine MRI contra-
indications, two died before the scan, and 17 declined
(refusal rate 35%). The present sample comprises 26 subjects
(54%) who completed both 80 and 85 year cognitive testing
and MRI scanning. Mean (SD) interval between cognitive
assessment and MRI examination was 1.7 (0.5) years at the
80 year study, and 0.2 (0.1) years at the 85 year study. The
study was approved by the Copenhagen County scientific
ethics committee (KA99167), and the procedures accorded
with the Helsinki Declaration II.
For all cognitive assessments the same Danish translation of

the completeWAIS (Wechsler adult intelligence scale) or part of
it was used.16 17 Although only 15 of the 26 participants
completed all WAIS subtests, prorating made it possible to
compute a verbal IQ for all participants, and performance and
full scale IQs for 23.17 In addition to the WAIS, the mini-mental
state examination (MMSE) was applied in the 85 year study to
assess global cognitive function.18

MRI was carried out on the same 1.5 Vision scanner
(Siemens, Erlangen, Germany) and with an identical double
spin echo sequence (time of repetition (TR)/time of echo
(TE), 2800/20 and 80 ms; matrix=2566192; field of view
(FOV)=230 mm; 60 axial 2 mm thick slices) provided
proton density and T2 weighted images.3 WMH were defined
as clearly hyperintense areas relative to surrounding white
matter on both proton density and T2 weighted images and
identified by simultaneous inspection of both images.
Infarcts (areas that were hyperintense on T2 weighted
imaging and isointense on proton density but with corre-
sponding hypointensity on T1 weighted images and located
in a vascular distribution area) were noted but not included.
Local thresholding was applied and WMH volumes for the
whole brain and each hemisphere quantified automatically
using in-house developed software (available on request from
www.drcmr.dk/software). Visual identification was carried
out blinded to date of examination by a trained rater.
To assess repeatability 10 subjects were selected randomly

for blinded reanalysis. This resulted in a within subject error
of 0.14 ml on single volume measurement (that is, an
estimated error on volume changes of 0.2 ml) and an
intraclass correlation coefficient (ICC) of 0.99. For compar-
ison with previous results and with frequently used visual
rating methods, both baseline and follow up images were
rated blind using a modified version of the Scheltens scale, as
described in detail elsewhere.3 A significant correlation was

Abbreviations: ICC, intraclass correlation coefficient; MMSE, mini-
mental state examination; WAIS, Wechsler adult intelligence scale;
WMH, white matter hyperintensity
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found between rated score and WMH volume for baseline
(Pearson r=0.75, p,0.001) and follow up values (r=0.80,
p,0.001), but not between the corresponding progression
values (r=0.29), confirming results from a recent study.19

As MRI hyperintensity volumes had a positively skewed
distribution, all analyses were repeated using a square root
transformation of WMH volumes. In analyses of correlations
between WMH volume and WAIS scores, sex, education, and
the corresponding WAIS test score at age 50 were included as
covariates in an attempt to reduce statistical noise caused by
non-age-related individual differences in cognitive function.20

RESULTS
Demographic data for the 26 individuals participating in both
MRI studies are shown in table 1. For comparison, data for
the MRI sample and total population at age 50 are also
shown. Participants who participated in both MRI studies 35
years later had a slightly lower body mass index at age 50
(p=0.067) and were better educated (p=0.094), but no
significant differences were found between the groups.

Table 2 presents IQ scores, WMH volumes, and correlations
from the regression analysis of WAIS decline scores and
WMH volumes. From baseline to follow up a significant
decline in test scores was observed for the three WAIS IQs
and several subtests. No significant sex difference in decline
scores was found. At the 80 year study, the 26 subjects
participating in both MRI examinations obtained higher
mean IQ scores than the 22 subjects participating in the 85
year psychological study but declining a scan at follow up.
However, with a standard deviation for full scale IQs of 16.81
at baseline and 16.12 at follow up for the MRI sample, and a
theoretical population standard deviation of WAIS IQs of 15,
the sample variance is not restricted to an extent that
prohibits analysis of the correlations between MRI results
and intellectual functioning. Mean MMSE score at follow up
was also significantly higher for the 26 follow up subjects
than for the 22 who declined a second MRI, at 26.9 (2.7) v
24.2 (5.3), p=0.03.
Progression in WMH volume ranged from 0 ml to 20.7 ml

(table 2) and with an average follow up period of 3.8 years

Table 1 Clinical characteristics of the study sample

Variable

50 year study 80 year study

MRI sample No MRI sample
Total study
population MRI sample

Sample size 26 671 698 26
Age (years) 50.2 (0.1) 50.5 (0.3) 50.5 (0.2) 80.7 (0.4)
Education (score*) 4.0 (1.5) 3.5 (1.4) 3.5 (1.4) 4.0 (1.5)
Sex, male 16 (62%) 375 (56%) 391 (56%) 16 (62%)
BP, systolic (mm Hg) 136.0 (17.4) 139.2 (20.6) 139.0 (20.5) 148.3 (20.4)
BP, diastolic (mm Hg) 83.7 (8.6) 87.3 (13.1) 87.2 (13.0) 79.9 (9.3)
Blood glucose (mmol/l) 5.5 (0.5) 5.7 (1.1) 5.7 (1.1) 5.8 (2.3)
BMI (kg/m2) 23.8 (2.4) 25.2 (4.0) 25.2 (4.0) 25.8 (2.9)
Cholesterol, total (mmol/l) 7.7 (1.2) 7.4 (1.3) 7.4 (1.3) 6.2 (0.9)
Hypertension, history/treated 5 (19%) 176 (27%) 181 (26%) 7 (27%)
Diabetes, history/treated 0 (0%) 12 (2%) 12 (2%) 2 (8%)
Angina 4 (15%) 124 (18%) 128 (18%) 4 (15%)

Values are mean (SD) or n (%).
*A 7 point index based on a combination of school education (scored on a 1 to 3 point scale) and vocational
training (scored on a 1 to 5 point scale).20

BMI, body mass index; BP, blood pressure; MRI, magnetic resonance imaging.

Table 2 MRI volumes, WAIS test scores, and correlation between IQ change and WMH measures

Variable

Measured MRI and WAIS values Correlations

Baseline Follow up Change
Baseline
adjusted

Follow up
adjusted

Increase

Adjusted Non-adjusted n

WMH volume/ml 4.7 (0 to 44.2) 9.3 (0.1 to 49.3) 2.6 (0.1 to 20.7)*

Full IQ 95.52 (16.12) 90.39 (16.81) 25.13(7.81)� 20.23 20.401 20.431 20.35 23

Verbal IQ 97.73 (16.68) 93.04 (16.54) 24.69(8.46)� 20.28 20.52� 20.65* 20.53� 26
Information 19.62 (4.04) 18.00 (4.53) 21.62(2.37)� 20.12 20.29 20.47` 20.45` 26
Comprehension 15.58 (4.27) 15.50 (4.51) 20.08(2.68) 20.45` 20.55� 20.35 20.35 26
Arithmetic 11.00 (3.23) 10.25 (3.19) 20.75(1.92) 20.33 20.42 20.38 20.34 20
Similarities 17.23 (4.60) 16.00 (4.96) 21.23(3.48) 20.15 20.30 20.401 20.27 26
Digit span 9.38 (1.88) 9.19 (1.79) 20.19(1.65) 20.08 20.29 20.52� 20.41` 26
Vocabulary 56.58 (10.53) 51.88 (12.66) 24.69(5.92)* 0.02 20.05 20.16 0.03 26

Performance IQ 93.30 (13.28) 88.09 (15.05) 25.22(9.18)` 20.06 20.08 20.06 20.01 23
Digit symbol 34.38 (9.80) 29.43 (9.95) 24.95(5.45)* 20.57� 20.441 20.11 20.01 21
Picture completion 12.39 (3.61) 11.83 (3.26) 20.57(2.74) 0.07 20.02 20.18 20.19 23
Block design 30.64 (5.69) 28.77 (6.27) 21.86(4.16)` 0.09 0.09 0.03 0.07 22
Picture arrangement 18.45 (6.48) 15.80 (6.01) 22.65(4.37)` 20.21 20.01 0.37 0.13 20
Object assembly 28.68 (6.29) 27.47 (7.69) 21.21(6.80) 20.20 20.13 0.08 0.08 19

WMH volumes are median (range) and WAIS raw scores are mean (SD).
For WMH increase, the table presents adjusted (partial) and non-adjusted (bivariate) correlations with cognitive decline between the two assessments. Partial
correlations are adjusted for sex, education, and the corresponding 50 year test score; n number of subjects completing the test.
*p,0.001; �p,0.01; `p,0.05; 1p,0.1.
MRI, magnetic resonance imaging; WAIS, Wechsler adult intelligence scale; WMH, white matter hyperintensities.
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(range 3.0 to 4.8 years) amounted to a median rate of
progression of 0.63 (0 to 6.8) ml per year. WMH volume
measures for the two hemispheres were highly correlated
(r=0.95, p,0.001) and did not differ significantly. Baseline
MRI showed lacunar infarcts in five subjects but no cortical
infarcts. At follow up one more participant had a lacunar
infarct while two subjects revealed clinically undetected
cortical infarcts.
Increase in WMH volume was significantly correlated to a

simultaneous decline in verbal IQ (r=20.65, p=0.001), and
baseline WMH was associated with subsequent decline in
performance subtests (digit symbol r=20.57, p=0.02) but no
association was observed between WMH volume and absolute
WAIS or MMSE test scores. The correlations were similar for
both hemispheres. Adjusting for the 80 year test score instead of
the 50 year score had no marked effect on the partial
correlations and, when baseline WMH was included as a
covariate, the analyses showed essentially the same results as
reported here. Analysis based on a square root transformation of
WMH volume showed a very similar pattern of results.

DISCUSSION
Our most remarkable finding is the significant correlation
between increase in WMH volume and a simultaneous
decline in verbal IQ scores.
Previously published data from our 80 year study of the

1914 cohort show substantial decline in the verbal part of the
WAIS, although still less than the often observed decline in
non-verbal subtests.20 The verbal tests mainly assess accu-
mulated knowledge and experience and the ability to access
this material. In daily life, impairment in these functions
probably plays an even more important role than impairment
of non-verbal functions. Bearing in mind the small sample
size, a correlation of 0.65—corresponding to 43% explained
variance—suggests strong effects of WMH increase in old age.
Although smaller than most cross sectional studies, our

study benefits from a community dwelling sample, homo-
geneous with respect to age. As in most longitudinal studies,
selection bias is unavoidable, and may have weakened the in-
sample relation between increase in WMH volume and
cognitive decline. If so, the true association has been under-
estimated. On the other hand, bothWMH volume and cognitive
performance scores varied considerably in our population and,
with frequencies of cardiovascular risk factors similar to those
reported in other population studies, they suggest susceptibility
to lifelong exposure to cardiovascular risk factors.4 6

Accordingly, our sample does not seem highly selected despite
the unavoidable effect of selective mortality.
As our subjects have participated in this population study

for 35 years, baseline assessment of cognitive performance
could be included in the correlation analysis. We regard the
test scores from age 50 as the best available proxy for the
large individual differences in cognitive function before the
onset of age related changes. Such pre-existing individual
differences may dilute the correlation between WMH and
cognitive function. Consequently, inclusion of the corre-
sponding 50 year test score as a covariate should lead to
higher partial correlations. This is indeed what we observed.
Another interesting finding is the significant correlation

between baseline WMH volumes and subsequent decline in
cognitive function. This corroborates previous findings and
supports the view that WMH may be a valuable predictor of
clinical outcome.11 12 Larger longitudinal studies are needed,
but our results suggest that the presence of WMH should be
taken seriously, irrespective of the size of the WMH and the
age of patient. We suggest that WMH be regarded a risk
factor which may be associated with decline in essential
cognitive abilities, even in well preserved older subjects,
within a relatively short time span.
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